. The absorbing cells of the small intestine have, as Smyth has pointed out, a 'short life and a merry one ... if merriment is the equivalent in cellular terms of a remarkable range of activities possessed by few other cells in the body' (Smyth, 1967) . Formed in the crypts of Lieberkuhn, the intestinal cells are extruded on to the surface of an adjacent villus whose side they climb until they reach the villus tip, from where they are shed into the intestinal lumen. The total turnover time for the cells of the jejunum is known to be as rapid as 2 or 3 days in the mouse and perhaps 5 days in man (MacDonald, Trier & Everett, 1964; Shorter et al., 1964) , so that the body only uses the extraordinary biological activities of these cells for a very brief period. Doniach & Shiner (1960) were the first to draw the analogy between the intestinal epithelial cells and the haemopoietic system. They compared the germinative or crypt zone, where the cells are manufactured, with the erythroblasts of the bone marrow and the adult absorbing cells of the villi with the erythrocytes of the peripheral blood. Doniach Fig. 1 .
The macrocytic enterocyte
In pernicious anaemia it is well known that the cells of the buccal mucosa may be larger than normal. Similarly in the small intestine a recent report has described macrocytic enterocytes and a megaloblastic enteroblast (Foroozan & Trier, 1967 ). This appears to be associated with enterocytic hypoplasia since there is also shortening of the villi. How such cells function is not known. The cause of the intestinal abnormality in pernicious anaemia is presumably a similar 'maturation arrest', involving the enteroblast, to that seen in the bone marrow.
As might be expected an arrest of cell turnover in the small intestine also occurs after X-irradiation. A recent study of jejunal biopsies obtained from patients undergoing therapeutic X-irradiation (Trier & Browning, 1966) has demonstrated that the mitoses in the enteroblastic layer of the small intestine are reduced within 12 hr of starting X-ray therapy. Thereafter, there is enterocytic hypoplasia, causing marked shortening of the villi and at the same time megaloblastosis and megalocytosis of the epithelial cells develops. As in pernicious anaemia, this situation is rapidly reversible.
The question must also be asked whether the enterocyte may become macrocytic when there is compensatory hypertrophy following partial resection of the small intestine. Although there is clear evidence of enterocytic hyperplasia after intestinal resection, macrocytic enterocytes have not hitherto been encountered in this situation.
The normocytic enterocyte
As indicated in Fig. 1 , the normocytic enterocyte may be normoplastic, hyperplastic or hypoplastic, and its function may be increased, normal or decreased.
(i) Normoplasia
Clearly the normal situation in the small intestine is established when there are normocytic enterocytes which are present in 'normal' numbers and which function 'normally'. As with all other biological phenomena, however, there is a considerable range of normality in the small intestine. There are marked variations in the number of enterocytes which constitute normality and these variations are reflected by differences in the appearance of the surface mucosa in different individuals and in different populations throughout the world. Under the dissecting microscope, the shapes of the villi of the small intestine vary widely, some individuals showing villi which are entirely finger-shaped, whereas others have a pattern of leaf-and tongueshaped villi. Creamer (1964) has estimated that the number of enterocytes required to cover leaf-shaped villi are only 25% of those necessary when the villi are finger-shaped. The variation in the number of enterocytes in different normal individuals is not surprising in an organ where cell turnover is extremely rapid and where the balance between enteropoiesis and cell loss must often be precarious.
Increased function of normocytic enterocytes may occur in a variety of situations of stress. The effects of bulk-feeding in the rat provide an interesting example of hyperfunction (Dowling et al., 1967a (Milne, 1967) , such as the rare condition of glucose/galactose malabsorption, the much more common hereditary deficiency of disaccharidases (alactasia for example), the absorption defect for aminoacids in cystinuria or the hereditary defect of vitamin B12 absorption described by Imerslund (1960) and Grasbeck et al. (1960) are all examples of congenital decrease of the function of normocytic enterocytes.
Acquired and transient defects in enterocytic function have been described in acute gastroenteritis (King & Joske, 1960) or after neomycin administration (Reiner & Patterson, 1966) .
(ii) Hyperplasia After partial resection of the small intestine there is an increase in enteropoiesis (Loran & Althausen, 1960) and this results in enterocytic hyperplasia. In man, for example, Porus (1965) found an increase in the number of enterocytes in the midzone of the villus in two out of four patients who had undergone resection of part of the small intestine, although the villi appeared to be normal in height in these two individuals. Dowling & Booth (unpublished data) have also demonstrated enterocytic hyperplasia after small intestinal resection in man and have found enlargement of the villi. In jejunal biopsies obtained from twelve patients who had been subjected to partial resection of the small intestine, the mean villus height was 440 ,u (± 16 SEM) compared to a mean of 382 ,u (+ 20 SEM) in eleven matched control subjects, the difference being statistically significant (P < 0 05). This enterocytic hyperplasia was associated with an increase in the functional capacity of the small intestine. Using a 21 mM glucose solution, absorption of glucose was compared in a 25 cm segment of jejunum in control subjects and in patients with intestinal resection. Eight of the patients in whom resection had been performed absorbed 60-9 (±2.20 SEM) mg of glucose per 25 cm of intestine per minute, as compared with 48.3 (± 2-07 SEM) mg in the control subjects (Dowling & Booth, 1966) .
More direct observations on the relationship between enterocytic hyperplasia and increased intestinal function have been made in the rat (Dowling & Booth, 1967) . In this animal, there is a different response to proximal and distal small bowel resection. When the jejunum is removed, the residual ileum shows marked enterocytic hyperplasia and the height of the villi increases by more than 50%. After ileal resection, however, the enterocytes of the jejunal remnant are less markedly hyperplastic and the villus height only increases by 10-15%. The functional response is directly related to the degree of enterocytic hyperplasia, for studies of glucose absorption in animals subjected to such resections demonstrate that there is an increase in intestinal function per unit length of intestine which shows a highly significant correlation with the amount of increase in villus height (Dowling & Booth, 1967) . In other words, when there is enterocytic hyperplasia following partial resection of the small intestine, the increase in intestinal function is a result of an increase in the number of enterocytes and not of any increase in the function of the individual intestinal mucosal cells. The absence of any functional change in the individual enterocyte is supported by the observation that the mucosal cell enzymes do not increase in this situation (Dowling, Riecken & Booth, 1967b) , in striking contrast to the increase in enzymes demonstrated in animals after high-bulk feeding which has already been described.
(iii) Hypoplasia
Hypoplastic normocytic enterocytes have been demonstrated in the small intestine where there is malnutrition. In monkeys with experimental kwashiorkor, for example, there is an overall reduction in enteropoiesis. The enteroblastic layer is reduced in thickness and the villi are shorter than normal (Deo & Ramalingaswami, 1965) . This has been shown by 3H-thymidine labelling to be associated with a decreased turnover of the intestinal mucosal cells. Similar observations had been made in rats subjected to starvation (Stevens Hooper & Blair, 1958 The most striking example of the microcytic enterocyte is seen in coeliac disease. In this condition, the enterocytes are markedly reduced in height and electron microscopy reveals intracellular disorganization and severe disruption of the microvillous border of the cell. There is a gross reduction in the number of enterocytes so that the villi disappear and the mucosa is frequently flat and featureless. At the same time, overall enteropoiesis appears to be increased, for in contrast to the situation following X-ray therapy or in malnutrition, the enteroblastic layer is markedly thickened and there is an increase in mitotic activity within the crypts. The available evidence suggests that the dietary constituent, gluten, is toxic to the enterocyte, damaging and destroying it, and enteropoiesis is therefore accelerated in an attempt to keep pace with the greatly increased loss of enterocytes. The reason why the enterocyte should be so susceptible to damage by gluten is not yet known, but to pursue the haematological analogy further, the situation is not unlike the haemolysis caused by the dietary toxin, fava beans, when an individual is deficient in glucose-6-phosphate dehydrogenase. It has therefore been postulated that coeliac disease may be due to a hitherto unknown enzyme defect in the enterocyte, a hypothesis which is supported by the observation that the disease may be genetically determined (MacDonald, Dobbins & Rubin, 1965 Fig. lIA and B, Zamchek, 1960 
McMichaers method
It is sometimes forgotten that McMichael was initially best known in the field of respiration rather than circulation. In 1939, he described his new closed-circuit spirometer for measuring the functional residual capacity of the lungs (McMichael, 1939) . The four novel features he introduced, partly in collaboration with Herrald (Herrald & McMichael, 1939) , were: (1) the maintenance of constant volume in the spirometer, from which a patient breathed for many minutes by adding oxygen at a rate equal to its metabolic consumption; (2) a pump was used to circulate and mix the gases rapidly in the spirometer; (3) the re-breathing period was prolonged beyond the usual 7 min, when the patient's lungs mixed slowly with the gas in the spirometer; and (4) an insoluble inert gas, hydrogen or helium, was used as the indicator, and estimated by its thermal conductivity. These innovations resulted in what is still, 28 years later, the best and most widely used method; it should perhaps be more widely referred to as McMichael's Method (Briscoe, 1965 (Briscoe, Becklake & Rose, 1951; Briscoe, 1952; Briscoe & McLemore, 1952) . A lung of this type, with a normal volume of conducting airways, behaves as if it had a large physiological dead spacea simpler but less complete description of the real state of affairs. We were not the only ones to recognize that uneven ventilation was the key to understanding the disturbance of function in obstructive lung disease: in the United States, Robertson, Siri & Jones (1950) and Fowler, Cornish & Kety (1952) published their classic studies of the distribution
